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ABSTRACT 


The present invention provides a catheter apparatus, an 
introducer system, and a methodology for creating a vascu- 
lar bypass on-demand between an unobstructed blood vessel 
such as the aorta and an obstructed blood vessel such as an 
obstructed coronary artery in-vivo using a previously 
excised vascular segment as a shunt The invention allows 
the placement and creation of single or multiple vascular 
grafts without use of a heart-lung machine and without need 
for stopping the heart of the patient during the coronary 
artery bypass surgery. 

12 Claims, 25 Drawing Sheets 
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CATHETER APPARATUS AND METHOD However, when the arterial blockages are severe or 

FOR CREATING A VASCULAR BYPASS IN- widespread, the angioplasty procedure may fail or cannot be 

VIVO performed. In these instances, coronary artery bypass graft 

(CABG) surgery is then typically performed. In such bypass 

5 surgery, surgeons harvest healthy blood vessels from another 

FIELD OF THE INVENTION part of the body and use them as vascular grafts to bypass the 

. . blocked coronary arteries. Each vascular graft is attached 

TTie present invention !S concerned generally ™tt , mini- ^ one ^ its ^ ^ to ^ aofta ^ ^ othef en<J 

m^y invaave vascular bypass surgery; and* directed to a joined to the coronary artery. Approximately 500,000 CABG 
caftetenzauon ineAodology for creating a vascular bypass tions „ ^ J*Q£«d in the U.S. each year to 

between an unobstructed artery or vein and an obstructed relieve ^ and improve survival from heart attacfc 
artery or van in- vivo. . ~*1 ^ 

It is useful here to understand in depth what a coronary 

BACKGROUND OF THE INVENTION arterial bypass entails and demands both for the patient and 

_ for the cardiac surgeon. In a standard coronary bypass 

Coronary artery disease is the single leading cause of l5 opcration , mc surgcon ^ ^ ^ a foot-long incision 

human mortality and is annually responsible for over 900, m the chest and split the breast bone of the patient The 

000 deaths in the United States alone. Additionally, over 3 operation requires the use of a heart^ung machine thatkeeps 

million Americans suffer chest pain (angina pectoris) me olood circulating while the heart is being stopped and the 

because of it Typically, the coronary artery becomes nar- SUIgeoD p i aces md me bypass grafts. To stop me 

rowed over time by the build up of fat, cholesterol and blood nMr t, ^ coronary arteries also have to be perfused with a 

clots. This narrowing of the artery is called artherosclerosis; co ld potassium solution (cardioplegia). In addition, the body 

and this condition slows the blood flow to the heart muscle temperature of the patient is lowered by cooling the blood as 

(myocardium) and leads to angina pectoris due to a lack of it circulates through the heart-lung machine in order to 

nutrients and adequate oxygen supply. Sometimes it can also preserve the heart and other vital organs, 
completely stop the blood flow to the heart causing perma- ^ As ^ heart js stoppcd md a hcait -lung machine pumps 

nem damage to the myocardium, the so-called "heart oxygenated blood ^ gh to psd *nVs bx>dy, the surgeTn 

makes a tiny opening into the front wall of the target 
The conventional treatment procedures for coronary coronary artery with a very fine knife (arteriotomy); takes a 
artery disease vary with the severity of the condition. If the previously excised saphenous vein (a vein from a leg) or an 
coronary artery disease is mild, it is first treated with diet and 30 internal mammary artery (an artery from the chest); and 
exercise. If this first line of treatment is not effective, then scws the previously excised blood vessel to the coronary 
the condition is treated with medications. However, even artery. The most common blood vessel harvested for use as 
with medications, if chest pain persists (which is usually a graft [ s ^ c greater (long) saphenous vein, which is a long 
secondary to development of serious coronary artery straight vein running from just inside the ankle bone to the 
disease) the condition is often treated with invasive proce- 35 groin. The greater saphenous vein provides a bypass conduit 
dures to improve blood flow to the heart Currently, there are of the most desired size, shape, and length for use with 
several types of invasive procedures: (1) Catheterization coronary arteries. The other blood vessel frequently used as 
techniques by which cardiologists use balloon catheters, a bypass graft is the left or right internal mammary artery, 
atherectomy devices or stents to reopen up the blockage of w hich comes off the subclavian artery and runs alongside the 
coronary arteries; or (2) Surgical bypass techniques by 40 undersurface of the breastbone (sternum). Typically, the 
which surgeons surgically place a graft obtained from a internal rnammary artery remains attached to the subclavian 
section of artery or vein removed from other parts of the artery proximally (its upper part) but is freed up distally (its 
body to bypass the blockage. lower part); and it is then anastomosed to the coronary 
Conventionally, before the invasive procedures are begun, artery. However, the saphenous vein graft should be sewn 
coronary artery angiography is usually performed to evalu- 45 not only to coronary artery but also to the aorta, since the 
ate the extent and severity of the coronary artery blockages. excised vein is detached at both ends. Then, to create the 
Cardiologists or radiologists thread a thin catheter through anastomosis at the aorta, the ascending thoracic aorta is first 
an artery in the leg or arm to engage the coronary arteries. partially clamped using a curved vascular clamp to occlude 
X-ray dye (contrast medium) is then injected into the the proper segment of the ascending aorta; and a hole is then 
coronary artery through a portal in the catheter, which makes 50 created through the front wall of the aorta to anchor the vein 
the coronary arteries visible under X-ray, so that the position graft with sutures. The graft bypasses the blockage in the 
and size of the blockages in the coronary arteries can be coronary artery and restores adequate blood flow to the 
identified. Each year in U.S.A., more than one million heart After completion of the grafting, the patient is taken . 
individuals with angina pectoris or heart attack undergo off of the heart-lung machine and the patient's heart starts 
coronary angiographies for evaluation of such coronary 55 beating again. Most of the patients can leave the hospital in 
artery blockages. Once the blocked arteries are identified, about 6 days after the CABG procedure, 
the physician and surgeons then decide upon the best method ft will be noted that coronary artery bypass surgery is 
to treat them. considered a more definitive method for treating coronary 
One of the medically accepted ways to deal with coronary arterial disease because all kinds of obstructions cannot be 
arterial blockage is percutaneous transluminal coronary 60 treated by angioplasty; and because a recurrence of block- 
angioplasty (PTCA). In this procedure, cardiologists thread ages in the coronary arteries even after angioplasty is not 
a balloon catheter into the blocked coronary artery and unusual. Also coronary artery bypass surgery usually pro- 
stretch it by inflating the balloon against the arterial plaques vides for a longer patency of the grafts and the bypassed 
causing vascular blockage. The PTCA procedure immedi- coronary arteries in comparison with the results of PTCA 
ately improves blood flow in the coronary arteries, relieves 65 procedure. However, coronary artery bypass surgery is a far 
angina pectoris, and prevents heart attacks. Ar^roxirnately more complicated procedure, having need of a heart-lung 
400,000 patients undergo PTCA each year in the U.S. machine and a stoppage of the heart Also, it is clearly the 
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more invasive procedure and is more expensive to perform 
than PTCA. Therefore, cardiac surgeons have recently 
developed an alternative to the standard bypass surgery, 
namely "minimally invasive bypass operation (MIBO) in 
order to reduce the risks and the cost associated with CABG 
surgery. Also, the MIBO is performed without use of a 
heart-lung machine or the stopping of the heart 

There are several ways that minimally invasive coronary 
bypass surgeries are being done today. Some versions are 
modeled after the video-assisted, fiber-optic techniques 
developed previously for gallbladder and other general 
surgeries. Other techniques have modified decades-old 
methods to sew arterial grafts onto beating hearts without 
using heart-lung machines. In the new and most popular 
version of the minimally invasive coronary bypass 
operation, surgeons use a thoracoscope, a fiber-optic device 
that is similar to a laparoscope. Initially, a three-inch incision 
is made to the left of the breast bone through which the 
surgeons operate. Three additional one-inch incisions then 
are made to insert a video camera, knife, surgical stapler, and 
other instruments. In the first stage of the operation, sur- 
geons prepare the internal mammary artery, which courses 
vertically behind the rib cage, while watching on a video 
monitor. The internal mammary artery is freed up distally 
and is then sewn to the left anterior descending coronary 
artery. The internal mammary artery thus supplies blood to 
the coronary artery in place of blocked circulation of the 
heart The wall of the chest formerly served by the mammary 
artery picks up blood from elsewhere via collateral blood 
circulations. 

As a bypass graft, the left internal mammary artery 
(LIMA) offers a number of advantages to the coronary artery 
surgery including higher patency rate; and anatomically, 
histologically and geometrically provides a more compa- 
rable graft than the saphenous vein graft. LIMA is particu- 
larly useful as a graft to the coronary arteries such as the left 
anterior descending, diagonal branches, and ramus interme- 
dius arteries (which are located on the surface of the heart 
relatively close to the left internal mammary artery). 
However, there are several disadvantages associated with a 40 
CABG operation with a left internal mammary artery graft, 
which are as follows: (1) technically, this artery is more 
tedious to take down; (2) sometimes the left internal mam- 
mary artery is inadequate in size and length; (3) the opera- 
tion is suitable only for the five percent of candidates for 45 
coronary artery bypass because only a single left internal 
mammary artery is available as a graft; (4) anatomically, the 
operation is limited mainly to the left anterior descending 
coronary artery because of its location ad length; and (5) the 
majority of patients need more than single vessel bypass 50 
surgery. 

In comparison, coronary arteries as small as 1 mm in 
diameter can be revascularized by vein grafting; and the 
saphenous vein is longer, larger, and more accessible than 
the left internal mammary artery. Equally important, 55 
although the greater or lesser saphenous veins of the leg are 
preferred, the cephalic or basilic veins in the arm are 
available as alternatives when the leg veins in the patient are 
unavailable or are unsuitable. For these reasons, the vein 
graft has today become the standard conduit for myocardial 60 
revascularization. 

There remains, however, a long-standing and continuing 
need for a bypass technique which would allow surgeons to 
perform multiple bypass procedures using vein grafts as 
vascular shunts in a minimally invasive way; and, in 
particular, the need remains for a simpler method to place 
more than one vein graft proximally to the aorta and distally 
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to the coronary artery without using a heart-lung machine 
and without stopping the heart. If such a technique were to 
be created, it would be recognized as a major advance in 
bypass surgery and be of substantial benefit and advantage 
for the patient suffering from coronary artery disease. 

SUMMARY OF THE INVENTION 

The present invention has multiple aspects. A first aspect 
is a catheter apparatus for creating bypass on-demand 
between an unobstructed artery and an obstructed artery 
in-vivo using a previously excised vascular segment as a 
conduit, said vascular bypass catheter apparatus comprising: 
a catheter suitable for introduction into and extension 
through the body in-vivo, said catheter being com- 
prised of 

(a) a hollow tube of fixed axial length having a discrete 
proximal end, a discrete distal end, and at least one 
internal lumen of predetermined diameter, and 

(b) a distal end tip adapted for guidance of said catheter 
in-vivo to a chosen site wherein an unobstructed 
artery is in anatomic proximity to an obstruction 
lying within another artery; 

an obturator for on-demand introduction and passage 
through said catheter to a chosen site on the unob- 
structed artery in-vivo, said obturator comprising 

(1) an expandable and contractible puncturing head- 
piece for puncture of and entry into the lumen of an 
unobstructed artery, said puncturing headpiece being 
expandable on-demand to a size greater than the 
diameter of said internal lumen of said catheter and 
being contractible on-demand to a size less than the 
diameter of said internal lumen of said catheter, 

(2) a perforating end tip on said puncturing headpiece 
to facilitate the perforation of an arterial wall at the 
chosen site in-vivo 

(3) an elongated shaft of fixed axial length integrated 
with said puncturing headpiece, said elongated shaft 
being configured for the carrying and transport of the 
previously excised vascular segment within said 
internal lumen of said catheter to the chosen vascular 
site on the unobstructed artery in-vivo, 

(4) means for expanding and contracting said punctur- 
ing headpiece of said obturator on-demand; and 

a deformable cuff fox positioning over said elongated 
shaft adjacent to said puncturing headpiece of said 
obturator together with a previously excised vascular 
segment 

(i) wherein, prior to the perforation of the unobstructed 
artery in-vivo by said puncturing headpiece of said 
obturator, at least a portion of said deformable cuff 
has been engaged and joined to one end of the 
excised vascular segment then carried by said elon- 
gated shaft of said obturator, 

(ii) and wherein, after the perforation of the unob- 
structed artery in-vivo by said puncturing headpiece 
of said obturator, at least part of said engaged cuff is 
extended into the lumen of the unobstructed artery, is 
partially deformed in-situ by an expansion of said 
puncturing headpiece of said obturator, and said 
engaged cuff becomes attached via said partial defor- 
mation to the interior of the unobstructed artery, 

(iii) and whereby said cuff engaged end of the previ- 
ously excised vascular segment become secured to 
and placed in blood flow communication with the 
unobstructed artery and serves as vascular conduit 
means for bypassing an obstruction and restoring 
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arterial blood flow from the unobstructed artery to 

the obstructed artery. 
A second aspect of the invention defines a catherization 
method for creating a vascular bypass on-demand between 
an unobstructed artery and an obstructed artery in- vivo using 
a previously excised vascular segment as a conduit, said 
vascular bypass catheterization method comprising the steps 
of: 

providing a catheter suitable for introduction into and 
extension through the body in-vivo, said catheter being 
comprised of 

(a) a hollow tube of fixed axial length having a discrete 
proximal end, a discrete distal end, and at least one 
internal lumen of predetermined diameter, and 

(b) a distal end tip adapted for guidance of said catheter 
in-vivo to a chosen vascular site wherein an unob- 
structed artery is in anatomic proximity to an 
obstruction lying within another artery; 

providing an obturator for on-demand introduction and 
passage through said catheter to a chosen site on the 
unobstructed artery in-vivo, said obturator comprising 

(1) an expandable and contra ctiblc puncturing head- 
piece for puncture of and entry into the lumen of an 
unobstructed artery, said puncturing headpiece being 
expandable on-demand to a size greater than the 
diameter of said internal lumen of said catheter and 
also being contractible on-demand to a size less than 
the diameter of said internal lumen of said catheter, 

(2) a perforating end tip on said puncturing headpiece 
to facilitate the perforation of an arterial wall at the 
chosen vascular site in-vivo 

(3) an elongated shaft of fixed axial length integrated 
with said puncturing headpiece, said elong;ated shaft 
being configured for the carrying and transport of a 
previously excised vascular segment within said 
internal lumen of said catheter to the chosen site on 
the unobstructed artery in-vivo, 

(4) means for expanding and contracting said punctur- 
ing headpiece of said obturator on-demand; 

placing a previously excised vascular segment on the 
elongated shaft adjacent to said puncturing headpiece 
of said obturator; 

positioning a deformable cuff over said elongated shaft 
and one end of the previously excised vascular segment 
lying adjacent to said puncturing headpiece of said 
obturator such that at least a portion of said deformable 
cuff engages and is joined to the end of the excised 
vascular segment; 

perforating the unobstructed artery at the chosen site 
in-vivo using said puncturing headpiece of said obtu- 
rator; 

extending at least part of said engaged cuff into the lumen 
of the unobstructed artery; 

partially deforming said extended cuff in- situ by an 
expansion of said puncturing headpiece of said obtu- 
rator 

(i) whereby said engaged cuff becomes attached via 
said partial deformation to the interior of the unob- 
structed artery, 

(ii) and whereby said cuff engaged end of the previ- 
ously excised vascular segment become secured to 
and placed in blood flow communication with the 
unobstructed artery; and 

joining the other end of the secured vascular segment to 
the obstructed artery at a chosen site distal to the 
obstruction, said joined segment serving as a vascular 
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conduit means for bypassing the obstruction and restor- 
ing arterial blood flow from the unobstructed artery to 
the obstructed artery. 

5 BRIEF DESCRIPTION OF THE FIGURES 

The present invention may be more easily and completely 
understood when taken in conjunction with the accompa- 
nying drawing, in which: 
0 FIG. 1 is an overhead view of a conventionally known 
first catheter; 

FIG. 2 is an overhead view of a conventionally known 
second catheter; 

FIGS. 3A and 3B are perspective and cross-sectional 
15 views of a single wall catheter tube of normal thickness; 

FIGS. 4A and 4B are perspective and cross-sectional 
views of a single wall catheter tube of reduced thickness; 

FIGS. 5A and 5B are perspective and cross-sectional 
views of a multiple-wall catheter tube of normal thickness; 

FIGS. 6A and 6B are perspective and cross-sectional 
views of a multiple-wall catheter tube of reduced thickness; 

FIGS. 7A-7D are cross-sectional views of four different 
constructions of dual-lumen catheters; 
25 FIG. 8 is an illustration of the distal end of a convention- 
ally known guiding catheter; 

FIG. 9 is a perspective view of a preferred first obturator; 

FIG. 10 is a frontal view of the first obturator of FIG. 9; 

FIG. 11 is a side view of the puncturing headpiece of the 
first obturator shown in FIG. 9; 

FIG. 12 is a side view of the puncturing headpiece of FIG. 
11 when in a contracted state; 

FIG. 13 is a side view of the puncturing headpiece of FIG. 
35 11 when in an expanded state; 

FIG. 14 is an exposed Yiew of a mechanical assembly 
used for expanding and contracting a puncturing headpiece 
on-demand in an obturator; 

FIG. 15 is an exposed view of a hydraulic assembly for 
40 expanding and contracting a puncturing headpiece 
on-demand in an obturator; 

FIG. 16 is a perspective view of a second obturator; 

FIG. 17 is a frontal view of the second obturator of FIG. 

16; 

45 

FIG. 18 is a perspective view of a third obturator; 

FIG. 19 is a frontal view of the third obturator of FIG. 18; 

FIG. 20 is a side view of an alternative fourth puncturing 
headpiece of an obturator; 
50 FIG. 21 is a side view of an alternative fifth puncturing 
headpiece of an obturator; 

FIG. 22 is a side view of an alternative sixth puncturing 
headpiece of an obturator; 

FIG. 23 is an overhead view of a preferred first deform- 
55 able cuff in the original undeformed state; 

FIG. 24 is an overhead view of the preferred first deform- 
able cuff of FIG. 23 after deformation; 

FIG. 25 is an overhead view of a preferred second 
^ deformable cuff in the original undeformed state; 

FIG. 26 is an overhead view of an alternative third 
deformable cuff in the original undeformed state; 

FIG. 27 is an overhead view of an alternative fourth 
deformable cuff in the original undeformed state; 
65 FIG. 28 is a perspective view of a previously excised 
vascular segment position on the elongated shaft of the 
preferred first obturator of FIG. 9; 
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FIG. 29 is a perspective view of the preferred first 
defonnable cuff of FIG. 23 in combination with the previ- 
ously excised vascular segment shown in FIG. 28; 

FIG. 30 is a partially exposed view of the introducer 
system as a whole; 5 

FIGS. 31A -31F are illustrations of the modified 
Seldinger technique conventionally used for percutaneous 
cathertcrization; 

FIG. 32 is a partially exposed view of the introducer lQ 
system in the correct position at the exterior wall of an 
unobstructed blood vessel in-vivo; 

FIG. 33 is a partially exposed view of the prepared 
obturator penetrating the vascular wall of the unobstructed 
blood vessel in-vivo; 15 

FIG. 34 is a partially exposed view of the prepared 
obturator entering the internal lumen of the unobstructed 
blood vessel in-vivo; 

FIG. 35 is a partially exposed view of the puncturing 
headpiece in a contracted state while disposed within the 20 
internal lumen of the unobstructed blood vessel in-vivo; 

FIG. 36 is a partially exposed view of the defonnable cuff 
and engaged over the puncturing headpiece within the 
internal lumen of the unobstructed blood vessel in-vivo; 

25 

FIG. 37 is a partially exposed view of the subsequently 
expanded puncturing headpiece and the deformed cuff dis- 
posed within the internal lumen of the unobstructed blood 
vessel in-vivo; 

FIG. 38 is a partially exposed view of the puncturing 30 
headpiece in the secondary contracted state after deforma- 
tion of the cuff within the internal lumen of the unobstructed 
blood vessel in-vivo; 

FIG. 39 is a partially exposed view of the deformed cuff 
and vascular segment secured fluid-tight to and in blood 35 
flow communication with the internal lumen of the unob- 
structed blood vessel in-vivo; 

FIG. 40 is a partially exposed view of the vascular bypass 
grafted and secured to the unobstructed bloodvessel in-vivo; 
and 40 

FIG. 41 is a partially exposed view of the other open end 
of the vascular segment anastomosed in the conventionally 
known manner to an obstructed blood vessel. 

DETAILED DESCRIPTION OF THE 45 
INVENTION 

The present invention is a catheter apparatus and cathe- 
rization technique for creating a single vascular bypass or 
multiple vascular bypasses on-demand between an unob- 50 
structed blood vessel such as the aorta and an obstructed 
blood vessel such as an obstructed coronary artery in-vivo. 
The present invention utilizes a previously excised vascular 
segment as a conduit; and employs an introducer system 
using the catheter apparatus and excised vascularl segment 55 
in combination to create single or multiple shunts which 
overcome the obstruction and deliver arterial blood from a 
primary blood vessel, around the obstruction and into a 
secondary artery or vein in order to increase and/or maintain 
proper blood circulation in the living body. A number of ^ 
substantial advantages and major benefits are therefore 
provided by the present invention, some of which include 
the following: 

I, The present invention provides the means for surgeons 
to perform multiple bypass grafts in a minimally inva- 65 
sive manner. The methodology permits the surgeon to 
utilize previously excised veins as bypass grafts; and 


8 

allows the surgeon to place each of the vein grafts from 
a primary unobstructed artery (such as the aorta) to a 
secondary obstructed artery (such as the obstructed 
coronary artery) without using a heart-lung machine 
and without need far stopping the heart during the 
surgery. 

2. The present invention simplifies the complexity of 
conventional bypass surgery and makes the surgery less 
invasive. Moreover, the technique provides the ability 
to create multiple bypass conduits using a catheteriza- 
tion procedure which not only shortens the conven- 
tional operation time for surgery but also makes the 
bypass surgery safer and more cost effective. 

3. The present invention is suitable for creating a single 
bypass graft or multiple bypass grafts in any medical 
situation, condition, or pathology in which there is a 
need for increased blood flow to a specific blood vessel 
or vascular area or body region. The cause or source of 
the medical problem may be an obstruction in a blood 
vessel; or a narrowing or thickening of a blood vessel 
wall; or a diminution or narrowing of a vascular section 
in a particular blood vessel. Each of these medical 
conditions has its particular cause, origin, or source; 
and each of these pathologies, though different in 
origin, causes a similar effect overall — a loss of blood 
flow and blood pressure within the blood vessel. 
Accordingly, the present invention is deemed useful 
and desirable to overcome any of these particular 
medical conditions and instances where there is a 
demonstrated need for increased blood pressure and 
blood volume flow within a particular blood vessel or 
blood flow region in the body. 

4. The present apparatus and methodology can be 
employed to create a vascular bypass between any two 
blood vessels. In many instances, the vascular bypass 
graft is made between a primary unobstructed artery 
and a secondary obstructed artery, a typical example 
being a vascular bypass between the ascending aorta 
and an obstructed coronary artery. However, a vascular 
bypass shunt may also be created between any two 
veins (such as between the portal vein and the inferior 
vena cava); or between an artery and a vein (such as 
between the superior vena cava and a pulmonary 
artery). Equally important, although the primary focus 
of the present invention is the thoracic cavity and the 
recognized need for vascular bypass conduits among 
the blood vessels found therein, the present apparatus 
and methodology may be employed anywhere in the 
human body where there is a need for increased vas- 
cularization or revascularization of the local region. 
Hie sole limitation, therefore, is a means of access for 
the catheter apparatus, the introducer system, and the 
methodology to be performed by the skilled surgeon 
and invasive radiologist 

In order to provide a complete and comprehensive under- 
standing of the present invention, the detailed description is 
given as a series of individual sections presented seriatim 
These will include the following: the component parts of the 
catheter apparatus; the excised blood vessel segment to be 
used as a vascular conduit; the introducer system utilizing 
the catheter apparatus and excised vascular segment in 
combination; general techniques of catheter routing and 
surgical introduction; the methodology and individual 
manipulations for creating a vascular graft; and an illustra- 
tive summary of the preferred surgical procedures using the 
catheter apparatus, introducer system, and methodology. 
Each of these will be described and characterized individu- 
ally. 
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L The Cornponent Parts of the Catheter Apparatus atrium through the interarterial septum at the fossa ovalis; 

Three essential component parts comprise the catheter angiographic catheters which are varied in shape and are 

apparatus needed to create a vascular bypass in-vivo. These frequcntly uscd h femorial and brachial approach 

are: a flexible guiding catheter; an obturator having a for and angiography in any of the 

puncturing headpiece which is expandable and contractible 5 ^ vcsscls » coronary angiographic catheters which 

on-demand; and a deformable cuff for engaging and secur- indude ^ differeDt serics of grouping including Sones, 

ing a previously excised vascular! segment as a graft to an Judkins > Amplatz, multipurpose, and bypass graft catheters; 

unobstructed major blood vessel (such as the aorta). Each of as weU 88 many othcrs ^ ytlo P^ for specific purposes and 

these component parts will be described in detail individu- medical conditi °AS' 

ally. 10 Merely representative of guiding and controlling flexible 

catheters, generally {resented herein without regard to their 

A. The Flexible Guiding Catheter specific past usages or intended applications, are those 

present invention requires that a controllingT guiding tt^Zl^u LlH ■ V?"^ 

StaTend ^J? ^ ^ch^v^int^^)/^ ^ " 

one distal end for egress; and has at least one internal lumen „„ .„„,., . .. , , : ... . .« 

of a volume suffident to allow for on-demand controlled 20 , M^ vamhon commonly lmown is ^ustrated by HG. 
passage therethrough of aprepared obturator canyta^cuff. 1w/ i^* 20 haWng 8 

and a^viously JLed LcZ segment S^S^^-Wl ^^^^ P 0rtals «• 

„ 5. . . . . . f 22 and 23 respectively which collectively form the proximal 

Catheters, particularly surgical catheters, are convention. end 24 for entry into the internal volume of the catheter; and 
ally known and used; and a wide range and variety of 25 a single distal portal 25 which designates the distal end 26 
guiding catheters are available which are extremely diverse 0 r tip of the catheter. It will be appreciated and understood 
in shape, design, and specific features. All of the essential that FIGS. 1 and 2 are presented merely to show the overall 
requirements of a guiding flexible catheter exist as conven- general construction and relationship of parts present in each 
tonal knowledge and information in the relevant technical flexib ie controlling catheter suitable for use with the present 
held; and all of the information regarding catheter design 30 methodology. 

and provided in summary form hereinafter is publicly In accordance with established principles of conventional 
Imown, widely dissemmated, and published in a variety of catheter construction, the axial length of the catheter may be 
authoritative texts. The reader is therefore presumed to be composed of one or several layers in combination. In most 
both familiar wfch and have an in-depth knowledge and muliilayexed constructions, one hollow tube is stretched 
understanding of the conventional diagnostic and therapeu- 35 over another to form a bond; and the components of the 
tic uses of catheters and cathertization techniques. Merely individual layers determine the overall characteristics for the 
re^esentativeofthe diversity of pubUcations pubticly avail- catheter as a unitary construction. Most multikyered oath- 
able are the following, each of which is expressly incorpo- cters comprise an inner tube of teflon, over which is another 
rated by reference herein: Diagnostic and Therapeutic Car- layer of nylon, woven Dacron, or stainless steel braiding. A 
? T Z T^v* COa l ™t° n ^^toteaf polyethylene or polyurethane is then heated and 

Umbert^ editors) ^ Williams & WUkms, 1994 and the refer- extruded over the two inner layers to form a bond as the third 
T^l ^ A , 9°^ T ° Canliac Pacmg ' cxtcrnal Other catheter constructions may consist of a 

i^T** I ^ aDd Polyurethane inner core, covered by a layer of stainless steel 

Company, 1995 and the references aH* therein; Abrams braiding, and a third external jacket layer formed of poly- 
Angiography, third edition (H. L. Abrams, editor), little, 45 urethane. 

Brown, and Company, 1983. Several examples of basic catheter construction and 

A number of specific types of controlling or guiding design are illustrated by FIGS. 3-<p respectively. FIGS. 3A 
catheters are known today; but for purposes of practicing (he and 3B are perspective and cross-sectional views of a single 
present invention, a number of newly designed or specifi- tubular wall considered the standard minimum construction 
cally designed catheters of varying lengths and sizes suitable 50 for a catheter. FIGS 4A and 4B are perspective and cross- 
for bypass use are expected and intended to be developed sectional views of a thin-walled design for a single layer 
and manufactured subsequently. Equally important, minor extruded catheter. In comparison, FIGS. 5A and SB are 
modifications of the presently existing general categories of perspective and cross-sectional views of a standard multi- 
catheters are equally appropriate and are expected to be layered catheter construction having a braided stainless steel 
found suitable for use when practicing the present invention. 55 midlaycr in its construction. Finally, FIGS. 6A and 6B are 
Accordingly, a suinmary review of the conventionally perspective and cross-sectional views of a thin-walled 
known catheter types as well as a summary description of design for a multilayered catheter with a braided stainless 
general catheter design and the principles of catheter con- steel middle layer. 

struction are presented herein. Catheters are generally sized by external and internal 

Catheter Construction and Design: 60 diameter and length. The internal specified either by diam- 

Presently known specific types of catheters include the eter (in thousandths of an inch or millimeters or French), 
following: central venous catheters which arc relatively Many newer thin-walled catheter designs provide a much 
short (usually 20-60 centimeters) in length and are designed larger internal lumen volume to external diameter ratio than 
for insertion into the internal jugular or subclavian vein; has been previously achieved, this has resulted in catheters 
right heart catheters such as the Cournard catheter designed 65 which can accommodate much mare volume and allow the 
specifically for right heart catheterization; transseptal cath- passage of much larger sized articles through the internal 
eters developed specifically for crossing from right to left lumen. External diameter is typically expressed in French 
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sizes which are obtained by multiplying the actual diameter 
of the catheter in millimeters by a factor of 3.0. Conversely, 
by traditional habit, the size of any catheter in millimeters 
may be calculated by dividing its French size by a factor of 
3.0. French sizes from 5-8 are currently used for diagnostic 
angiography. For purposes of practicing the present 
invention, it is also desirable that French sizes ranging from 
4—16 respectively be employed unless other specific size 
requirements are indicated by the particular application or 
circumstances. In addition, because of the variation between 
standard, thin-walled, and super high-flow catheter con- 
struction designs, a range and variety of external and internal 
lumen diameter sizes exist. To demonstrate the conventional 
practice, the data of Table 1 is provided. 


10 


12 


are adjacently positioned, and are both contained within a 
commonly-shared single tubular wall. 

A fourth construction and design for a dual-lumen cath- 
eter is presented by FIG. 7D which shows a catheter 60 
having a single external tubular wall 62 of relatively large 
size and thickness. Within the material substance 68 of the 
tubular wall 60 are two discrete bore holes 64 and 66 of 
differing diameters which serve as two internal lumens of 
unequal volume. Internal lumen 64 is clearly the smaller 
while internal lumen 66 is far greater in spatial volume. Yet 
each internal lumen volume 64 and 66 is adjacent to the 
other, lies in parallel, and follows the other over the axial 
length of the catheter. 

In general, the tubular body of the catheter is generally 
straight over most of its length and may have different bends 


TABLE 1 


External arxl Lumen Diameter Measurements in Standard, Thin- Walled, and 
Super High-Flow Diagnoetic Catheters \ 


Internal Diameter 


French External Diamete r 
Size inches mm 


Standard 
(High Torque) 

inches mm 


Thin- Walled 
(High Flow) 

inches ptt" 


(High Flow) 


niches mm 


5 

0.065 

1.67 


& 

0.044 

1.08 

0.052 

1.28 

6 

0.078 

2.00 

* 


0.050 

1.27 

0.056 

1.42 

7 

0.092 

234 

0.048 

122 

0.056 

1.42 

0.061 

1.55 

9 

0.104 

2.64 

0X)56 

1.42 

0.063 

1.60 


■ 

9 

0.118 

3.00 


* 

a 

• 

• 

* 


"No catheters made in mis size/type. 


Dual-lumen catheters: 

A number of different dual-lumen catheters are known 
today which differ in the size and spatial relationship 33 
between their individual lumens. This is illustrated by FIGS. 
7A-7D respectively which show different dual-lumen con- 
stnictions for four catheters having similar or identical 
overall diameter (French) size. 

As shown therein, FIG. 7A shows a dual-lumen catheter 40 
30 wherein a first external tubular wall 32 provides an outer 
lumen volume 34 into which a second internal tubular wall 
36 has been co-axially positioned to provide an inner lumen 
volume 38. Clearly, the construction of catheter 30 is a 
co-axial design of multiple tubular walls spaced apart and 45 
co-axially spaced but separate internal lumens of differing 
individual volumes. 

In comparison, FIG. 7B shows a second kind of construe- . 
tion and design by dual-lumen catheter 40 having a single 
external tubular wall 42; and an centrally disposed inner 50 
septum 44 which divides the interior tubular space into two 
approximately equally lumen volumes 46 and 48 respec- 
tively. Thus, in this construction, the diameter, length, and 
volume of internal lumen 46 is effectively identical to the 
diameter, length and volume of internal lumen 40; and both 55 
of these exist and are contained within a single, commonly- 
shared, tubular wall. 

A third kind of construction is illustrated by FIG. 7C and 
shows an alternative kind of construction and design to FIG. 
15B. As seen in FIG. 7C, dual-lumen catheter 50 has a single 60 
external tubular wall 52; and contains an asymmetrically 
positioned internal divider 54 which divides the interior 
tubular space into two unequal and different lumen volumes 
56 and 58 respectively. Thus, in this alternative construction, 
the discrete volume of internal lumen 56 is markedly smaller 65 
than the volume of the adjacently positioned internal lumen 
58; and yet both of these internal lumens 56 and 58 exist in, 


or curves towards the distal end or tip. A representative 
illustration of the distal end of a catheter is illustrated by 
FIG. 8. The individual bends in the catheter are traditionally 
called "curves"; and the terms Jl primary, secondary, etc.,* 1 
are applied to each additional curve further away from the 
distal tip as is illustrated by FIG. 8. Accordingly, the primary 
curve 100 is followed by the secondary curve 102, which in 
turn extends into the catheter body 104 generally. The 
catheter tip 106 is its most distal segment In addition, the 
catheter distal tip 106 may have any combination of a single 
end hole 110 or an open distal end 108 and any number of 
side holes 110, 112 which function as portals for fluids and 
gases exiting the distal end of the catheter. 

Conventional practice permits a number of different distal 
ends or tips which vary in design and appearance. Merely 
representative of these permitted and conventional variances 
in distal end design for catheters generally are the distal ends 
of ventricular catheters which include: a l< pigtaiT design and 
construction which has a curled-tip format and multiple side 
holes; the Lehman ventricular catheter end which provides 
a number of side holes in different places along the distal 
end; and the Gensini design which provides multiple side 
holes at varying angles. Accordingly, for purposes of prac- 
ticing the present repair methodology, any construction of 
the catheter distal end whether having one or more curves, 
or none; and whether or not there is more than one central 
portal for exiting the lumen or multiple side holes, are all 
considered conventional variations in construction design. 
Any and all of these distal tip designs and constructions are 
therefore deemed to be encompassed completely and to lie 
within the general catheter scope of construction suitable f ca- 
use with the present invention. 

B. The Obturator 
The second requisite component part of the catheter 
apparatus is the obturator. Each embodiment of an obturator 
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preferably comprises four parts: a puncturing headpiece; a 
perforating end tip on the headpiece; an elongated shaft 
integral with the puncturing headpiece; and means for 
expanding and contracting the size of the puncturing head- 
piece on-demand. Various embodiments representative of 
each of these structural components are individually illus- 
trated within FIGS. 9-15 respectively. 

One preferred embodiment of an obturator is illustrated 
by FIGS. 9-13 respectively. As seen therein, the obturator 
120 comprises a puncturing headpiece 122 which is sub- 
stantially cone-shaped in configuration, and comprises an 
outer shell 124 and a base plate 126. The outer shell 124 has 
determinable dimensions and a girth which can be altered in 
size. At the distal end 128 of the puncturing headpiece 122 
is a perforating end tip 150 which appears as a cross- or 
star-shaped cutting edge for the headpiece 122. As shown by 
FIG. 10, the perforating end tip 130 does not extend over the 
entire surface area of the outer shell 124; instead, the 
perforating end tip 130 is limited in size and orientation to 
the distal end 128. The perforating end tip 130 serves as the 
sharp cutting edge for the obturator 120 as a whole. 

Integral with the puncturing headpiece 122 is an elon- 
gated shaft 134 whose overall axial length may be varied to 
accommodate the surgeon and the particular medical cir- 
cumstances of usage. The distal end 136 of the shaft is 
integrated with the puncturing headpiece 122 and provides 
access to the interior volume of the headpiece bounded by 
the outer shell 124 and the base plate 126. The proximal end 
138 of the elongated shaft 134 is intended to be held by the 
surgeon or invasive radiologist performing the vascular 
bypass surgery. Accordingly, the axial length of the elon- 
gated shaft 134 will vary and accommodate the surgeon; and 
thus vary from a few inches to a few feet in length. The 
function of the elongated shaft 134 is for the carrying and 
transport of a previously excised vascular segment to the 
chosen site on the unobstructed or primary blood vessel 
in-vivo. The elongated shaft 134 acts to support, maintain 
and convey the excised vascular segment within the lumen 
of the catheter in a manner such that the vascular segment 
can be used as a bypass graft. 

A critical requirement and feature of the puncturing 
headpiece 122 and the obturator 120 as a whole is that means 
exist for expanding and contracting the puncturing head- 
piece on-demand. This requirement and characteristic is 
illustrated by FIGS, 11-13 respectively. As seen within FIG. 
11, the puncturing headpiece 122 appears in its initial size 
identical to that shown by FIG. 9. The outer shell 124 is 
substantially cone-shaped in configuration, has an initial 
internal volume, and has a girth dimension d equal to the 
initial diameter of the base plate 126. The internal volume of 
the puncturing headpiece, as determined by the dimensions 
of the outer shell 124 and the base plate 126, provides an 
initial internal volume of determinable quantity. 

When the mechanism for contracting the puncturing head- 
piece is activated, the consequence is illustrated by FIG. 12 
in which the dimensions of the outer shell 124 are dimin- 
ished and the girth of the headpiece has been reduced as 
shown by the reduced diameter d of the base plate 126. Note 
also, that as the puncturing headpiece 122 becomes con- 
tracted in overall volume and dimensions, the configuration 
of the puncturing headpiece 122 has consequentially become 
altered and now appears to be spear-like in configuration. 
Similarly, the overall angular disposition of the perforating 
end tip 130 serving as the cutting edge will also be slightly 
altered in overall appearance as a consequence of contract- 
ing the puncturing headpiece 122. 

Alternatively, when the puncturing headpiece 122 is 
expanded, the overall result is shown by FIG. 13. As seen 
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therein, the outer shell 124 has been expanded in overall 
dimensions and volume; and the girth of the headpiece has 
been expanded and can be determined by the diameter d" of 
the expanded base plate 126. Note that the overall appear- 
5 ance of the puncturing headpiece has been altered as a 
consequence of its expansion and now appears to be ellip- 
tical in shape overall. Similarly, the perforating end tip 130 
has similarly been altered in appearance and has angularly 
expanded somewhat to conform with the expanded dimen- 

10 sions and angularity of the outer shell 124. 

It will be recognized and appreciated also that throughout 
the changes in appearance, internal volume and overall size 
for the contracted or expanded puncturing headpiece 122 as 
shown via FIGS. 11, 12, and 13 respectively, the dimensions 

15 and overall configuration of the elongated shaft 134 have not 
been altered meaningfully or significantly. Although this is 
not an absolute requirement in each and every embodiment 
of an obturator, it is preferred that the elongated shaft 134, 
particularly at the integrated distal end 136, remain constant 

20 in size and volume as much as possible and be unaffected 
subsequent to the on-demand expansion or contraction of the 
puncturing headpiece 122. This preference and feature will 
maintain the integrity and continued viability of the excised 
vascular segment intended to be carried and transported by 

25 the elongated shaft during the bypass grafting procedure. 
Thus, to avoid or minimize any physical damage to the 
vascular wall of the graft material, it is most desirable that 
the elongated shaft be maintained in appearance, configu- 
ration and dimensions without change whenever possible. 

30 An essential feature and component of each obturator is 
the existence and availability of specific means for expand- 
ing and contracting the puncturing headpiece on-demand A 
number of different mechanisms and means for expanding 
and contracting the puncturing headpiece of the obturator 

35 arc conventionally known and easily employed. Merely to 
demonstrate some different and conventionally known 
mechanisms, attention is directed to the means illustrated by 
FIGS. 14 and 15 respectively. 
The means for expanding and contracting the puncturing 

40 headpiece on-demand illustrated by FIG. 14 constitute a 
mechanical approach and design mechanism which is car- 
ried within the internal volume of the puncturing headpiece 
122 and the integrated elongated shaft 134. As seen therein, 
a central rod 150 extends through the hollow interior of the 

45 elongated shaft 134 and extends into the internal volume 
defined by the outer shell 124 and the base plate 126 of the 
puncturing headpiece 122. Within the internal volume of the 
outer shell 124, a plurality of rotable ribs 152 are joined to 
the central rod 150 at the distal end to form a central pivot 

so point 154. Each rotable rib 152 is mobile and pivotable 
around the central point 154 and forms an umbrella-like 
scaffolding structure which can be expanded outwardly or 
collapsed inwardly at will. Mounted on the central rod 150 
is an expansion wheel 156. This expansion wheel 156 is 

55 centrally mounted on the rod 150 ; is moveable over the axial 
length of the central rod 150; and is controlled in the 
direction of axial movement (distally and proximally). The 
expansion wheel 156 comprises a center hub 158 and a 
plurality of hub supports 160, both of which maintain the 

60 expansion wheel in proper position as it engages the plu- 
rality of rotable ribs 152. Joined to the central hub 158 of the 
expansion wheel 156 are linear movement members 162 
which are positioned within the interior volume of the 
elongated shaft 134 and have a length sufficient to reach to 

65 the proximal end 138 of the elongated shaft 134 for control 
by the surgeon or invasive radiologist. Hie linear movement 
members 162 engage the center hub 158 of the expansion 
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wheel 156; and extend or withdraw the expansion wheel volume of the elastic bubble is reduced in size, the punc- 
closer to or away from the perforating end tip 130 of the taring headpiece will consequently be contracted and 
puncturing headpiece 122. When the expansion wheel is reduced in configuration and overall volume as well. It will 
engaged and pushed forward, expansion wheel engages the be noted and appreciated also that this hydraulic mechanism 
rotable ribs 152 and expands the rotable ribs outwardly 5 for expanding and contracting the puncturing headpiece on 
thereby increasing the overall girth of the puncturing head- demand is a conventionally known fluid system and tech- 
piece as a unit. Alternatively, when the linear movement nique; and many conventionally known variations and 
members 162 are withdrawn, the expansion wheel recedes changes in hydraulic design and fluid control systems are 
towards the proximal end and the engaged rotable ribs 152 presently known and commonly available for use. 
collapse inwardly within the volume of the outer shell 124. l0 Accordingly, all hydraulic systems are envisioned as suit- 
The consequence of this movement is a contraction of the able for use as one means for expanding and contracting the 
puncturmg headpiece m puncturing hea^ece of the obturator ^rnand. 
appreciated that this mechanical approach for expanding and l a number ° f Jto*** embedments for the 
contracting the puncturing headpiece is completely conven- ob ™ r « f"f euvxsioned and intended for use. Some 
tional in design and operation; and accordingly, any con- 15 samples which are merely ulustrative of the range and 
ventional refinement of these basic component parts is variety of physical formats and which serve to merely 
considered to be a variation within the scope of this illustrate the range and degree of difference avaikblefor the 
mechanical system various puncturing headpieces of an obturator, are illustrated 

As a represented alternative, hydraulic means for ^^L^ "TSF* I ^"K.^ 
expanding and contracting the puncturing headpiece of the 20 ^stood, however, that Ac c altoanve ernbochments are 
obWator on demand is also provided. In thiTsystem, as representative and nlustrative of obturators and 

shown by FIG. 15, the internal volume of the puncturing P"»«^g headpieces generally and do not signify any 
headpiece 122 and the integrated elongated Taft 134 <* restnct,< " 1 ° n toetf stmctuial instruction or 

includes an elastic sack 180 comprised of a fluid containing rT ^ n * , M _ ^ nn , _ 

elastic bubble 182 and a fluid deUvering elastic conduit 184. 25 ^ embodiment illustrated by FIGS. 16 and 17 respec- 
The outer shell 124 and base plate 126 of the puncturing * v fly shows a puncturing headpiece 200 which is substan- 
headpiece 122 are as previously shown; and the headpiece *ally ^^haped in overall appearance andcamm an 
122 is integrated with the elongated shaft 154 as previously outer shell 202 and a base plate 206. The distal end 208 of 
described herein. Within the internal volume of the punc- the puncturing headpiece 200 has a perforating end tip 210 
Hiring headpiece 122, is a fluid containing elastic bubble 182 30 which 15 ^° substantially cone-shaped m configuration and 
which is in fluid communication with the elastic conduit 184 ^™fL ce T and <^vers only a small surf ace area of the outer 
carried within the internal volume of the elongated shaft *dl 202. Integral with the punctunng headpiece is the 
134. The elastic sack 180 is formed of elastomeric material elongated shaft 134 as described previously herem; and 
(such as rubber, elastic plastic, and the like) and is fluid-tight m ^ s J^ expanding and contracting uie punrtunng head- 
along its seams. The elastic sack 180 contains any liquid 35 ? iecc 2( * on-demand are included within the obturator as a 
which is compatible with the material of the elastic sack; and integrated unit. 

it is the intrinsic nature of the material forming the elastic Another embodiment for the punctunng headpiece is 
sack 180 that the material exerts a compression force or illustrated by FIGS. 18 and 19 respectively. As shown 
pressure upon the fluid contained within the elastic sack therein, the puncturing headpiece 220 comprises the outer 
itself. In this way a hydraulic system for expanding and 40 sheU 222 and me base plate 224 integral with the elongated 
contracting the puncturing headpiece of the obturator is shaft 134. A particular feature of this embodiment, however, 
created, is the distal end 226 seen most clearly within FIG. 19 as 

As fluid is introduced through the elastic conduit 180 by providing a perforating end tip 230 which is substantially 
the surgeon or invasive radiologist, that fluid is conveyed ^S^Jl* ° y * ^ smfa J? ^ ° f fte 

and delivered into the elastic bubble 182 positioned within 45 ^ The result is to provide a senes of grooves 228 
the puncturing headpiece 122. The elasticity of the bubble alternating with sha^ cutting edges 232 over the surface of 
182 exerts a mild compression force and pressure against the pouter shell 221 This errAodiment for die punctunng 
quantity of fluid contained within the bubble interior vol- headpiece 220 provides a much greater area for cutting and 
ume; accordingly, the greater the quantity of fluid within the perforation as a specific feature of the obturator design, 
elastic bubble 182, the larger in overall volume the elastic 50 To demonstrate further the vanety and degree of differ- 
bubble becomes. Thus, as more fluid is delivered through the ences envisioned and intended when constructing a punc- 
conduit 184 into the elastic bubble 182, the larger in overall taring headpiece, the structural constructions exemplified by 
volumemeelasticbubblebecomes;andasthevolumeofthe ™,S. 20-22 respectively are provided. As illustrated by 
clastic bubble expands, the overall configuration and inter- **G. 20 > foe puncturing headpiece 250 includes a buttressing 
nal volume of the piercing headpiece 122 also enlarges. In 55 region 254 as a part of the outer shell 252. The buttressing 
this manner, by carefully controlling the amount of fluid region 254 is a reinforced region for engaging and bending 
conveyed through the conduit 184 into the elastic bubble, the materials placed in contact with the outer shell when the 
overall size and configuration of the piercing headpiece 122 puncturing headpiece is expanded. The punctunng head- 
can be controllably expanded. Subsequently, to reduce the piece 250 includes abaseplate256 and is integrated with the 
overall size and configuration of the puncturing headpiece 60 elongated shaft 134 (described previously herein). 
122, a quantity of fluid is permitted to be released from the In comparison, the puncturing headpiece 260 exemplified 
elastic conduit 184 at the proximal end by the surgeon or by FIG. 21 is a sharply tapered and contoured embodiment 
radiologist Because the material is elastic and exerts a in which the outer shell 262 includes a spiral girth zone 264 
compression force against the quantity of fluid present suitable for deforming elastic materials. The base plate 266 
within the bubble at any given moment in time, the release 65 conforms to and is integrated with the spiral zone 264. 
of fluid through the elastic conduit will cause a reduction in Another alternative embodiment of the puncturing head- 
overall size for the elastic bubble 182; and as the overall piece is illustrated by FIG. 22. In this en&odiment, the 
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puncturing headpiece 280 comprises an outer shell 282 and 
a concave-shaped or scalloped zone 284 which is joined to 
and integrated with the base plate 286. The concave-shaped 
configuration of the zone 284 is intended to aid the punc- 
turing headpiece as it is expanded and contracted 5 
on-demand. 

C. Hie Deformable Cuff 

A requisite component part of the catheter apparatus for 
creating a vascular bypass graft is the presence and use of a l0 
deformable cuff or flange, such as is illustrated by FIGS. 23 
and 24 respectively. As illustrated and embodied therein, the 
deformable cuff 300 is a substantially cylindrical-shaped 
collar which is open at each of its ends 302, 304. The cuff 
300 is hollow; is substantially round or oval (in cross- x $ 
sectional view); and has determinable dimensions initially 
which can be deformed at will when sufficient force is 
applied to the sidewaU 306. As an aide in controlling the 
intended deformation of the sidewall 306 on-demand via the 
intentional application of externally applied forces , it is most 20 
desirable that the material constituting the sidewall 306 of 
the cuff 300 be prc-stressed along the axis AA* as shown 
within FIG. 23; and that the material constituting the side- 
wall 306 be an open-weave pattern of resilient matter rather 
than take form as a solid mass of material. For this reason, 25 
the sidewall 306 illustrated within FIG. 23 appears as an 
open meshwork of wires 308 which are intertwined to form 
a substantially hexagonal pattern. This open meshwork of 
wires 308 provides the desired resiliency, flexibility, and 
deformation capability (particularly along the axis AA') such 30 
that the upper portion of the sidewall 306 can be deformed 
and flaired outwardly on-demand to yield the flaired-lip 
deformity 310 shown by FIG. 24. 

It will be recognized and appreciated that the deform cuff 
shown by FIG. 24 is merely the result and consequence of 35 
exerting force along the uppermost portion 309 of the open 
meshwork of wires 308 above the axis AA' such that the 
upper sidewall 309 adjacent to the open end 302 has become 
expanded outwardly, flaired, and bent into a curved lip 
configuration in the deformed state. Note that the open 40 
meshwork of wires constituting the lower portion 307 of the 
sidewall 306 at the other open end 304 remains relatively 
stable and substantially unaltered in its original shape and 
state. The deformation has thus been controlled and the 
forces applied only to the upper portion from the AA' axis to 45 
cause the outwardly extending, flaired lip result. Moreover, 
the resulting flaired lip zone 310 retains structural strength 
and resiliency as an open meshwork of wires despite having 
been created by deformation. The ability of the cuff to be 
deformed in the manner illustrated by FIGS. 23 and 24 50 
respectively is a requisite and necessary attribute and char- 
acteristic of each embodiment and construction far the 
deformable cuff. 

The construction and design for the deformable cuff in the 
present invention is an example of the engineering principle 55 
that structural form follows intended function. As a requisite 
component part of the catheter apparatus and methodology 
for creating a vascular bypass in-vivo, the intended func- 
tions of the deformable cuff are twofold in nature: (1) the 
deformable cuff is intended to engage aad become joined to 60 
a previously excised vascular segment which will serve as 
the bypass graft in-vivo; and (2) the deformable cuff is 
intended to be positioned within the internal lumen of an 
unobstructed major blood vessel (such as the aorta) and 
become deformed in-situ such that a portion of the cuff 65 
becomes positioned and secured to the internal lumen (the 
blood flow channel) of the unobstructed blood vessel per- 
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manently and in a fluid-tight manner. Thus, as illustrated by 
the embodiment of FIGS. 23 and 24, the uppermost region 
309 of the cuff 300 is deformed on-demand into a flaired 
outwardly bent form which is intended to be secured within 
the lumen of the unobstructed artery or vein while the 
undisturbed sidewall portion 307 of the cuff is intended for 
engagement and juncture to the previously excised vascular 
segment which will serve as the bypass graft However, 
because there is no specific pre-positioning or pre-alignment 
of cuff sections or portions as to ultimate or intended usage, 
it is immaterial and irrelevant structurally as to which end of 
the deformable cuff serves which intended function and 
purpose. 

Several attributes and characteristics are commonly to be 
shared among all embodiments and constructions of the 
deformable cuff. These include the following: 

(a) It is only required that the material constituting the cuff 
be deformable on-demand. For convenience and 
greater facility in achieving such deformity in the 
degree and at the time required, it is most desirable that 
the material forming the cuff be an open weave or 
meshwork rather than a solid mass which is considered 
to be more difficult to deform in a controlled manner. 
There is however no restriction or limitation at any time 
or under any intended use circumstances which neces- 
sitates an avoidance of a solid mass of material, either 
as a single sheet or as a laminated plank of material 
Accordingly, the choice of whether to use an open 
meshwork or a solid mass of material is left solely to 
the discretion of the manufacturer and the surgeon. 

(b) The deformable cuff need only be comprised of 
resilient, flexible, but deformable matter. A number of 
different compositions and formulations of material 
may be usefully employed when making a deformable 
cuff suitable far use with the present invention. Among 
the desirable materials are those listed within Table 2 
below. 

(c) After the deformable cuff has been manufactured using 
resilient materials, the completed cuff structure (prior 
to deformation) may be subsequently covered to advan- 
tage with one or more biocompatible coatings. These 
biocompatible coatings are intended to water-tighten 
the article and to facilitate the sewing of the excised 
vascular segment to the cuff as well as to reduce the 
interactions of the immune system with the vascular 
bypass graft after it has been secured to the blood 
vessels in their appropriate locations in-vivo. Such 
biocompatible coatings are conventionally known; will 
reduce the severity and duration of immune reactions 
which frequently disrupt or interfere with vascular 
bypass grafts; and are considered desirable in a major- 
ity of use instances in order to minimize the body 
reaction to vascular bypass surgery. A representative 
listing of biocompatible coatings deemed suitable for 
use with the deformable cuff is provided by Table 3 
below. 

TABLE 2 
Deformable Materials 

Metals and Alloys 

stainless steel; 

oickcl/titaniuim alloys; 

aJumininiv' nickel alloys; and 

graphite carbon and metallic blends of carbon 
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TABLE 2-continued 
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Dcfoimable Materials 


Synthetic Polymers 

poly amides such as nylon; 
polyaciytates such as polyaczyiic acid; 

polycarbonates such as poly[2,2-bis{4-hyotexyphei^)]propcme; and 
polys iloxctucs. 


TABLE 3 

Prosthetic Coatings 
High temperature pyrongon-froo carbon; 

polytetrafluoroethylene (FIFE) and other polyhalogenated carbons; 

Fibronection; 

collagen; 

hydroxy ethyl methacrylates (HEMA); and 


(d) Although the embodiment of the cuff or collar prior to 
deformation exemplified by FIG. 23 appears as a geo- 
metrically regular and coherent structure, there is no 
requirement or demand that either the structure or 
configuration of any deformable cuff conform to these 
parameters. Accordingly, it will be recognized and 
understood that the deformable cuff structure need not 
be a completely encircling band or collar of deformable 
material. To the contrary, a U-shaped band or flange of 
material where the sidewall does not overlap or join 
and where a gapped distance separates the arms of the 
band or flange is both permitted and envisioned. 
Moreover, although the cylindrical-shaped format of 
the deformable cuff illustrated by FIG. 23 is highly 
desirable, there is no requirement that the diameter of 
the cuff prior to deformation be constant or consistent 
over the entire axial length of the cuff when manufac- 
tured Thus, anisotropic cuff structures as well as iso- 
tropic constructions are intended and desirable. In this 
manner, the cuff in its initial state prior to deformation 
may have a variable internal diameter over the axial 
length of the article in which one open end may be 
either greater or lesser in size than the other open end; 
and there may be multiple increases and decreases in 
diameter size successively over the entire axial length 
of the cuff itself. All of these variations in construction 
and structure are within the scope of the present inven- 
tion. 

To illustrate some of the modest variations and differences 
available and envisioned for a deformable cuff intended for 
use with the present invention, the alternative cuff embodi- 
ments illustrated by FIGS. 25, 26, and 27 are provided. As 
shown within FIG. 25, the deformable cuff or collar 330 
appears as a cylindrical-shaped article having two open ends 
332, 334 and a rounded sidewall 336. The body of the 
sidewall 336 is an open meshwork of closed loops 338, each 
dosed loop being joined at multiple points along its perim- 
eter to at least one other closed loop — thereby forming an 
open grid meshwork. A notable feature of the cuff construc- 
tion within FIG. 25 are the outer edges of the open ends 332, 
334. Each edge 340, 342 is formed by a closed loop which 
is far more easily bent and deformed than the closed-loop 
meshwork in the middle of the sidewall 336. In many 
instances, the availability of closed-loop edges 340, 342 
provide an enormous benefit and advantage in deforming the 
cuff in-situ within the internal lumen of an unobstructed 


artery or vein. In addition, the deformable cuff 330 has been 
pre-stressed substantially at the midline along the axis BB' 
such that the upper most portion 339 of the cuff near the 
open end 332 and the edge 340 are more easily deformed 

5 and fl aired outwardly as a consequence. 

A third embodiment of a deformable cuff or flange is 
illustrated by FIG. 26. As shown therein, the deformable cuff 
360 is formed primarily as a series of coiled wires whose 
overlapping and intersecting portions have been fused 

to together to make a unitary article. The deformable cuff 360 
thus has the two open ends 362, 364 and an open ceiled 
sidewall 336 formed from the commonly fused coils of wire. 
The open lattice work of coiled wires 368 provides the 
flexible and resilient meshwork suitable for achieving the 

15 primary functions of the deformable cuff. Again, the side- 
wall 366 has been pre- stressed along the axis CC such that 
the upper most portion 369 can be bent and deformed 
outwardly on demand using an expansion force. 
Finally, a fourth alternative emtodiment is provided by 

20 FIG. 27 in which the deformable cuff or band 380 is shown 
having two open ends 382 and 384. In this instance, 
however, die sidewall 386 is comprised of a solid sheet of 
material. Two features are included in this embodiment of 
the deformable cuff due to its construction using a solid 

25 sheet of resilient material as the sidewall 386 for the cuff. 
Hie sidewall 386 has been pre-scored to form cross-hatched 
squares over the axial length of the sidewall; and the 
pre-scored sidewall thus will deform far more easily and 
bend outwardly as shown when a expansion force is applied 

30 to the interior of the cuff. Similarly, the sidewall material has 
been pre-stressed along die axis DD 1 such mat the upper 
most region 389 nearest the opening 382 will bend far more 
easily and in a controlled fashion when and as required by 
the user. 

35 

IL The Excised Vascular Segment To Be Used As 
A Bypass Graft 

The preferred sources of blood vessels suitable for use as 
a vascular bypass graft are the saphenous veins. These veins 

40 constitute the superficial veins of the lower extremities and 
comprise both the greater (or long) saphenous and the lesser 
(or short) saphenous veins. Anatomically, the long saphen- 
ous vein begins on the medial side of the foot and ends in the 
fermoral vein below the inguinal ligaments; and the short 

45 saphenous vein begins behind the lateral malleous and runs 
up the back of the leg to end in the popliteal vein. However, 
if the saphenous veins of the particular patient are unsuitable 
or unavailable for any reason, either the cephalic or the 
basilic veins are very acceptable substitutes for use as a 

50 vascular bypass conduit However, if these leg or arm veins 
are not available, synthetic or other biologic materials may 
also be used as substitutes. 

The medical procedure to isolate and excise the saphen- 
ous vein of choice is conventionally known and considered 

55 a routine surgical technique. The saphenous vein is har- 
vested under general anesthesia. An incision is first made in 
the medial malleolus, where the saphenous vein is often 
dilated. The saphenous vein is identified and then dissected 
with a single incision made along its course with scissors. 

60 Branches are doubly clamped with hemostatic clips and 
divided. The saphenous vein is then freed up and removed 
from the leg. The leg wound is closed with subcutaneous 
sutures and Steri strip adhesive over the incision. The vas- 
cular segment is prepared on a separate sterile table with 

65 adequate light and loupes, and branches are selectively 
ligated with 4-0 silk An oval-tip needle on a syringe is 
inserted into the graft to gently dilate it by administering a 
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balanced electrolyte solution (pH 7.4, chilled to 7 to 10 Q 
and 10,000 units/liter of heparin. A valvulotome is inserted 
into the vein graft segment and the valves clipped with a 
3-mm right-angle stainless steel instrument with a highly 
polished ball tip on the right angle. The knife edge is 
protected and sharply splits the cusp, causing valvular 
incompetence. Measurements for the approximate lengths of 
the grafts may be made with umbilical tapes, and the 
appropriate lengths may be chosen before it is sewn to the 
cuff and coronary arteries. 

HX The Introducer System 

The introducer system comprises the catheter apparatus 
including the deformable cuff and a previously excised 
vascular segment in combination; and it is this introducer 
system which is utilized by the surgeon to perform the 
requisite acts and manipulations by which the excised vas- 
cular segment is delivered to and becomes secured within 
the lumen of the unobstructed major blood vessel (and 
subsequently anastomosed to the obstructed blood vessel at 
a site distal to the obstruction). For descriptive purposes and 
for increased clarity of comprehension, this description will 
intentionally limit itself to the use of the obturator illustrated 
by FIGS. 9 and 10 respectively, to the deformable cuff 
construction and structure illustrated previously by FIGS. 23 
and 24 respectively, and to the use of a previously excised 
vascular segment taken from the long or short saphenous 
vein in the same patient. The introducer system represents 
and provides for the intentional placement and carriage of 
the excised vascular segment on the obturator, the engage- 
ment and juncture of the deformable cuff to one end of the 
excised vascular segment; and the proper orientation of the 
then engaged deformable cuff/excised vascular segment on 
the obturator with respect to its relationship to the punctur- 
ing headpiece. 

The formation of the introducer system begins with the 
proper placement of the previously excised vascular seg- 
ment (taken from the saphenous vein previously) upon the 
obturator. This manipulation is illustrated by FIG. 28 in 
which the excised vascular segment 400 is placed upon the 
elongated shaft 134 adjacent to but preferably not in direct 
contact with the base plate 126 of the puncturing headpiece 
122. As shown therein, it is intended and preferred that the 
elongated shaft 134 will be inserted into the internal lumen 
402 of the excised vascular segment 400 at the proximal end 
138 held by the surgeon; and then the body of the vascular 
segment 400 is conveyed over the axial length of the 
elongated shaft 134 until a chosen position, typically 1-2 
centimeters from the distal end adjacent to the puncturing 
headpiece 122 is reached. In this manner, the weight and 
body of the excised vascular segment 400 is carried on the 
elongated shaft 134; and it is desireable that the diameter of 
the elongated shaft 134 be only slightly smaller than the 
average diameter of the internal lumen 402 for the vascular 
segment 400. As a consequence, the excised vascular seg- 
ment is adequately supported, carried, and transported by the 
elongated shaft during the entirety of the manipulations prior 
to entry into the body of the living patient as well as 
subsequent to the in-vivo perforation of the unobstructed 
major artery or vein. The manipulation illustrated by FIG. 28 
is expected to be performed by the surgeon immediately 
after excising the vascular segment from the patient but prior 
to beginning the bypass graft surgery itself. 

After the excised vascular segment 400 has been properly 
positioned on the elongated shaft 134 of the obturator 120, 
the deformable cuff (illustrated by FIG. 23 and described in 
detail previously herein) is desirably passed over the punc- 
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turing headpiece 122 and over the open end 404 to cover a 
small portion of the exterior surface over the excised vas- 
cular segment 400. It is desirable (but not absolutely 
necessary) that a gap distance (about 1-2 centimeters) 

5 separating the open end 404 from the puncturing headpiece 
122 be maintained during the placement of the deformable 
cuff — as this will allow for easier positioning of the deform- 
able cuff in a pre-chosen alignment and posture and a more 
controlled deformation on-demand. Once the deformable 

10 cuff 300 has been positioned over the vascular segment to 
the satisfaction of the surgeon, the lower region of the cuff 
covering the end exterior surface of the excised vascular 
segment 400 must be engaged and become joined to the 
vascular segment in a reliable and safe manner. 

15 One preferred manner of engagement and juncture is for 
the surgeon to suture the open meshwork sidewall of the cuff 
directly to the vascular wall of the excised segment This 
suturing is easily performed by the surgeon prior to begin- 
ning the grafting surgery and the sutures 420 will serve as 

2Q the physical means for engaging and permanently joining a 
portion of the open meshwork of wires in the sidewall of the 
cuff to the excised vascular segment itself. The type of 
sutures 420, their placement, their number, and the linkage 
to the vascular wall of the excised segment are left to the 

23 personal discretion and choice of the surgeon. 

Other means far engagement and juncture of the deform- 
able cuff to the vascular wall of the excised segment also are 
commonly available. These include surgical staples; bio- 
compatible adhesives; encircling ligatures; and a wide range 

30 of fasteners and closures. Any and all of these alternatives 
may be employed alone or in combination to achieve a 
reliable engagement and juncture. 

After me deformable cuff has been engaged and joined to 
one end of the excised vascular segment then carried upon 

35 the elongated shaft of the obturator, the size of the punctur- 
ing headpiece 122 should be adjusted in shape and girth such 
that the diameter of the base plate 124 of the puncturing 
headpiece 122 preferably is equal to or slightly greater than 
the diameter of the open end 302 for the deformable cuff 

40 300. This manipulation is also illustrated by FIG. 29 where 
the size of the baseplate 126 is coextensive in diameter with 
the diameter of the open end 302 of the deformable cuff. In 
this preferred manner, the entirety of the puncturing head- 
piece 122 serves as a front section or first stage for the 

45 introducer system as a whole. 

The complete introducer system is illustrated by FIG. 30 
in which the fully prepared obturator carrying the previously 
excised vascular segment to be used as a bypass graft and the 
deformable cuff have been positioned in advance; and the 

50 prepared obturator placed within the internal lumen of a 
catheter. As seen therein, the catheter is exposed in cross- 
sectional view and shows the hollow tube 2 of fixed axial 
length having a discrete proximal end (not shown), a discrete 
distal end 10 and an internal lumen 14 of pre-detennined 

55 diameter sufficient to house the entirety of the prepared 
obturator (illustrated by FIG. 29). The distal end tip of the 
catheter is adapted for guidance of the catheter in-vivo to a 
chosen site where an unobstructed artery ex vein is in 
anatomic proximity to an obstruction lying within another 

60 blood vessel; and the prepared obturator of FIG. 29 
(including the previously excised blood vessel segment 400 
and the deformable cuff 300) has been placed into the 
internal lumen of the catheter. The introducer system is now 
complete. As shown by FIG. 30, the surgeon may now begin 

65 the first steps for surgically delivering the introducer system 
into the thoracic cavity or other appropriate body region in 
order to create the vascular bypass graft 
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IV. The Routing And Surgical Introduction Of The 
Controlling Catheter Into The Body Of The Living 
Human 

Catheterization involves a great deal of technical skill, 
some instrumentation and mature judgment in order to 
choose among the appropriate procedures and the various 
techniques which are now conventionally known and avail- 
able for use. Clearly, because the present technique consti- 
tutes catheter intervention in critically ill patients, the phy- 
sician or surgeon must be very familiar with the available 
anatomical alternatives in order to select the best routing for 
introducing the catheter, the best technique in order to access 
the thoracic cavity of the body where the obstructed artery 
and aorta exist, and to carefully select the timing and other 
operative conditions in order to achieve best results. 

In general, catheterization can be performed using any 
duct, tube, channel, or passageway occurring naturally or 
surgically created for the specific purpose. Thus, among the 
naturally occurring passageways in the body are the anus; 20 
the alimentary canal; the mouth, ear, nose, or throat; a 
bronchus of the lung; the urethra; the vaginal canal and/or 
cervix; and any blood vessel of sufficient size of the central 
circulation in the body. Any of these routings are envisioned 
and expected to be used when and if appropriate. However, 25 
clearly a commonly used and the critical route of access is 
the introduction of catheters into the thoracic cavity and the 
arterial blood circulation adjacent to the heart. 

For this reason, it is useful to briefly summarize the 
technique currently in use for introduction of catheters into 30 
the central blood circulation as an illustrative example of 
preferred catheterization techniques. There are two general 
methods currently in use. These are: (a) percutaneous intro- 
duction using needles and guidewires; and (b) direct intro- 
duction after surgical isolation of the blood vessel of choice. 35 
While either general method may be utilized at any site of 
the general circulation, practical and anatomical consider- 
ations including the site of the flawed therapeutic appliance 
will generally dictate which approach is most appropriate 
under the individual circumstances. 40 
Hie modified Seldinger Technique: 

The percutaneous introduction of a catheter is illustrated 
by the modified Seldinger technique which is shown by 
FIGS. 31 A-31F respectively. FIG. 31A shows a blood vessel 
being punctured with a small gauge needle. Once vigorous 45 
blood return occurs, a flexible guidewire is placed into the 
blood vessel via the needle as shown by FIG. 31B. The 
needle is then removed from the blood vessel, the guidewire 
is left in place, and the hole in the skin around the guidewire 
is enlarged with a scalpel as shown by FIG. 31C 50 
Subsequently, a sheath and a dilator is placed over the 
guidewire as shown by FIG. 3 ID. Thereafter, the sheath and 
dilator is advanced over the guidewire and directly into the 
blood vessel as shown by FIG. 3 IK Finally, the dilator and 
guidewire is removed while the sheath remains in the blood 55 
vessel as illustrated by FIG. 31F. The catheter is then 
inserted through the sheath and fed through to reach the 
desired location. 

The other general method for the introduction of catheters 
into the blood circulation is a direct surgjcal cutdown. The 60 
surgical cutdown approach is generally less favored and is 
typically used for the brachial or femoral approach. Cut- 
down procedure is often a complex surgery and is used only 
when no direct access is generally available. A far more 
complete and fully descriptive review of both these general 65 
catheterization techniques is provided by the texts of: Diag- 
nostic And Therapeutic Cardiac Catheterization, second 
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edition, 1994, Chapter eight, pages 90-110 and the refer- 
ences cited therein. 

Accordingly, for purposes of practicing the present 
methodology, any and all conventionally known general 
5 catheterization procedures and techniques which are con- 
ventionally known and in accordance with good medical 
practice are explicitly intended to be utilized as necessary in 
their original format or in a modified form. All of these 
general catheterization routing and use techniques are thus 
envisioned and are deemed to be within the scope of the 
present invention. 

General rules for choosing an appropriate site of body entry: 
An axiomatic or general set of rules by which a surgeon 
or radiologist can chose a proper or appropriate site of entry 
for introducing the guiding catheter into the body of a patient 
for purposes of creating a vascular bypass in-vivo is as 
follows: (a) always pick the shortest and straightest pathway 
possible or available; (b) identify the chosen entry site on an 
existing and accessible unobstructed artery or vein, the 
larger the diameter of the unobstructed artery or vein the 
better; and (c) identify the location and orientation of the 
obstruction in the obstructed artery or vein and chose an 
entry site distal to the obstruction. 
A favored approach to introducing the guiding catheter into 
the thoracic aorta: 

Using the ascending aorta approach as a representative 
illustration and example: 

(1) Under general anesthesia, the chest of the patient is 
prepared and draped in a sterile fashion. 

(2) A three-inch incision is made to the left or right of the 
breast bone through which the surgeon operates. 

(3) Three additional one-inch incisions then are made to 
insert a video camera, knife, surgical stapler, and other 
instruments. 

(4) The ribs are separated, the thoracic cavity is entered, 
and the ascending thoracic aorta is exposed 

(5) The introducer system is (hen positioned at the chosen 
site on the ascending thoracic aorta. 

V. The In-Vivo Placement Of The Vascular Bypass 
Graft Into The Lumen Of The Unobstructed Major 
Blood Vessel 

The method of the present invention utilizes the intro- 
ducer system via the catheterization technique to create the 
vascular bypass graft between a major unobstructed blood 
vessel such as the aorta and an obstructed blood vessel 
in-vivo using a previously excised vascular segment as a 
conduit. This procedure is illustrated by FIGS. 32-41 col- 
lectively. It will be and appreciated, however, that while 
FIGS. 32-41 exemplify and illustrate the manipulations of 
the surgeon and the events in sequence leading to the 
creation of a vascular bypass, this description and the figures 
themselves present a greatly simplified presentation and 
explanation of the medical procedure, the technical skills 
required, and the safety measures taken for the patient's 
benefit medically. 

After the controlling catheter has been routed and surgi- 
cally introduced into the body of the living human in the 
manner described previously herein, the first critical stage 
for the process is reached as shown by FIG. 32. The 
illustration of FIG. 32 (as well as FIGS. 33-41 respectively) 
are shown as partially exposed views in order to show more 
easily the detailed placement and orientation of the prepared 
obturator carrying the deformable cuff and previously 
excised vascular segment in combination. 

As seen within FIG. 32, the major artery such as the aorta 
500 is shown in partial cross-sectional exposed view to 
reveal the thickness of the arterial wall 502 and the internal 
lumen 504. 
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The catheter and the prepared obturator are as described 
in detail previously herein and illustrated by FIG. 30. It will 
be noted that the puncturing headpiece 122 of the obturator 
120 is positioned within the lumen of the catheter 2 such that 
the perforating end tip 130 is in direct contact with the 
arterial wall 502 at the chosen vascular site, The puncturing 
headpiece 122 is of sufficient size such that the entirety of 
the defoxmable cuff 300 and the joined vascular segment 400 
lie directly behind and are in axial alignment with the 
puncturing headpiece 122 and the elongated shaft 134. 
When positioned as shown by FIG. 32, the prepared obtu- 
rator is properly placed for piercing and penetrating the 
arterial wall on-demand. 

When the surgeon extends the prepared obturator within 
the internal lumen of the catheter 2, the result is illustrated 
by FIG. 33. As seen therein, the perforating end tip 130 has 
pierced and punctured the arterial wall 502 and been 
advanced into the arterial lumen 504. The initial hole in the 
arterial wall 502 made by the perforating end tip 130 is 
widened into a passageway as a consequence of the punc- 
turing headpiece 122 following the entry path created by the 
perforating end tip. As the puncturing headpiece 122 pen- 
etrates the arterial wall 502, the size of the puncture in the 
arterial wall becomes widened and enlarged to conform to 
and accommodate the configuration and the girth of the 
puncturing headpiece in its entirety. The configuration and 
overall size of the puncturing headpiece 122 thus serves as 
the means for widening the initial puncture made by the 
perforating end tip 130 such that the entire girth and overall 
diameter of the obturator (complete with the deformable cuff 
and excised blood vessel segment in combination) can 
subsequently pass through the enlarged hole in the arterial 
wall. 

As the prepared obturator is extended further across the 
thickness of the arterial wall 502 through the enlarged 
passage, the penetrating headpiece 122 is extended farther 
into the arterial lumen 504 until at least the upper portion of 
the deformable cuff 300 has advanced far enough such mat 
the cuff 300 has itself entered the internal lumen of the blood 
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It is important to recognize and note that a substantial 
portion of the deformable cuff 300 has been extended over 
the outer shell 124 of the puncturing headpiece 122 in the 
manner illustrated by FIG. 36. Moreover, concomitant with 
the extension of the deformable cuff 300 into the arterial 
lumen 504, the engaged and joined vascular segment 400 is 
concurrently advanced and extended through the enlarged 
puncture or hole in the arterial wall 502 at the chosen site. 
Hie degree to which the end of the engaged vascular 
segment 400 is advanced lies at the discretion of the surgeon 
performing this methodology. If the surgeon so chooses, the 
end of the excised vascular segment joined to the deform- 
able cuff 300 may be extended only through the arterial wall 
502 but not markedly into the arterial lumen 504 itself. In the 
alternative, the surgeon may choose to advance the end of 
the engaged vascular segment 400 further and thus position 
the open end of the vascular segment 400 well within the 
internal lumen of the artery itself. The degree of entry and 
advancement for the deformable cuff and the engaged vas- 
cular segment thus is the choice and at the discretion of the 
surgeon at all times. 

After the deformable cuff 300 and the engaged vascular 
segment 400 have been advanced such that each has pen- 
etrated the arterial wall 502 and a portion of the deformable 
25 cuff 300 has been extended to cover in part the contracted 
puncturing headpiece 122 to the surgeon's personal discre- 
tion and accommodation, the surgeon will then activate the 
means for expanding the puncturing headpiece 122. At the 
time of activating the expansion means for the puncturing 
30 headpiece 122, it is critical to recognize and appreciate that 
the uppermost region of the deformable cuff 300 encom- 
passes and overlies the outer shell 124 and base plate 126 of 
the headpiece 122 — as shown by FIG. 36. It is not necessary 
that the deformable cuff actually cover and envelope the 
perforating end tip 130, although if the surgeon chooses to 
extend the deformable cuff so far into the internal lumen of 
the artery, the surgeon may do so at his discretion. In each 
instance, however, when the means for expanding the punc- 
turing headpiece 122 are inactivated, the overall size and 
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vessel. This sequence of events and result is illustrated by ^ girth of the puncturing headpiece will markedly increase. In 

the course of expanding in overall size and dimensions, the 


FIG. 34. 

Subsequently, after the upper portion of the deformable 
cuff 300 has advanced into the arterial lumen 504, the 
surgeon holding and controlling the proximal end of the 


puncturing headpiece will then make contact with the upper 
position of the deformahle cuff 300 which has been pre- 
positioned to envelope and encompass the headpiece. Thus, 


catheter (not shown) activates the means for contracting the 45 as the overall size and girth of the puncturing headpiece 122 


girth of the puricturing headpiece 122 while the headpiece 
lies extended in the arterial lumen 504. This manipulation 
and result is illustrated by FIG. 35. As seen therein, the 
puncturing headpiece 122 has been reduced in overall size 
and shows a diminished diameter or girth in comparison to 50 
its initial size as shown previously via FIGS. 31-34 respec- 
tively. The reduced overall size and altered configuration of 
the puncturing headpiece 122 lying disposed within the 
arterial lumen in-vivo is a critical manipulation and step of 
the methodology. 

After the puncturing headpiece has been reduced in 
overall size and has a diminished girth, the overall diameter 
of the contracted puncturing headpiece 122 is smaller in 
overall diameter and size than the diameter of the deform- 
able cuff disposed directly behind the headpiece. Due to the 
reduced size of the puncturing headpiece 122, the deform- 
able cuff and engaged vascular segment carried upon the 
elongated shaft 134 of the obturator may then be advanced 
farther through the puncture in the arterial wall 502 and be 
further advanced over the puncturing headpiece 122 into the 
arterial lumen 504. This manipulation and result is illus- 
trated by FIG. 36. 
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increases with time, the outer shell 124 of the headpiece will 
engage the upper portion of the overlying deformable cuff 
300; and consequently apply expansion force to the sides of 
the deformable cuff in-situ. 

As the controlled expansion force applied by the increas- 
ing girth of the puncturing headpiece 122 increases, the 
sidcwall 306 of the cuff will deform, be bent outwardly, and 
become fl aired and flattened out within the internal lumen 
504 of the artery 500. Then, as the puncturing headpiece 122 
expands in overall size and girth in ever greater degree, the 
deformed sidewall of the cuff 300 will become more flat- 
tened; and will come to lie against the interior surface of the 
arterial wall 502; and thereby become secured to the arterial 
wall in a permanent manner. This manipulation and result is 
illustrated by FIG. 37. 

As shown within FIG. 37, the puncturing headpiece 122 
has been greatly enlarged and expanded as the headpiece lies 
within the arterial lumen 504. The controlled expansion of 
the puncturing headpiece with the concomitant deformation 
and flairing of the uppermost portion of the cuff 300 occurs 
within the blood flow channel of the artery and is intended 
to be performed without substantially diminish ing the rate of 
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blood through the lumen of the artery or causing the heart of to either (he artery.or the grafted vascular segment now to be 
the patient to stop at any time The intentional and controlled used as a shunt Note also mat the catheter tube has desirably 
deformation of the cufF 300 along its upper region as it lies also been removed prior to the placement of the biocom- 
disposed within the arterial lumen 504 causes a permanent patible adhesive at the juncture site on the arterial wall, This 
flailing of the open meshwork of wires 308 forming the 5 catheter removal step is preferred in order to have better 
sidewall 306. The deformed sidewall is bent, maneuvered, access to the deformed cuff at the vascular site and the point 
and Haired solely by the expansion force of the puncturing of juncture. 

headpiece No other tool, article, or device is needed or A number of different biocompatible adheslves may be 
utilized in order to cause a controlled expansion force and to employed to seal permanently the puncture site in the 
create the deformation of the cuff while disposed within the 10 manner shown by FIG. 39. A representative but non- 
central blood channel of the artery in-vivo. exhaustive listing of such biocompatible adhesives is pro- 
After the cuff has been controlabiy deformed within the \ifed by Table 4 below, 
arterial lumen 504 and become secured to the interior 

surface of the arterial wall 502 to the personal satisfaction of TABLE 4 

me surgeon, me means for contracting me puncturing head- is — — — — — — ^— — — - — - — 

piece 122 are then once again activated. This contraction of Biocompatible AJberivw 

the puncturing headpiece 122 serves to diminish the overall AdtoW» 

size and configuration of the headpiece and markedly 

reduces the girth of the outer shell 124 such that the overall fibrin glue; 

diameter or girth of the puncturing headpiece becomes 20 tmoctyl (bu^2-cr«»aayUto) fis™ 

approximately equal to or less than the diameter of the %SddSL>n«I; 

elongated shaft 134. The degree of contraction for the epoxj resins; and 

puncturing headpiece 122 is desirably chosen and correlated potywonaae adhesrvej. 

to the diameter of the engaged vascular segment 400 then — — — — — — — ^— — 

cauied on the elongated shaft 134. By conforming die 25 f ^ is musttatea by FIG. 

overall size and girth of *e punning headpiece to a size ^^£%£Z reSoToTthe cuff sidewall 306 
approximately equal to the diameter of me elon^ed diaft JJ ^ deformedW flaired outwardly into the internal 
134, the surgeon is confident that the overall diameter of tire » meshwork of wires 

properly contracted puncturing headpiece is now smaller ™£ ^ ^ ^ me eiS t\ni speed by which the 

man the internal lumen of the engaged vascular segment; 30 has been bent and ^tended into the 

and therefore, the contracted punctanng headpiece wjU titen interior 
be able to enter and pass completely through the , uttul ™e wall 502 . Ms0 , the placement of the 

lumen of the engaged vas^lar segment wimout meamng- ^ puncWe site and graft 

fully injuring or altering the internal surface of the blood conduit in a fluid-tight setting 

flow channel itself. The act of reducing the ovcraU size and 35 J^J u % chthat £ e engaged vascular segment 400 has 
girth of Aepunctunngheadpie«with the nniltang conse- ^ a J chcd to ^ is m blL flow communication with 
quence that it may pass through and exrt the artery 500 is J* ^ ^ ^ ^ placeme nt 

illustrated by FIG. 38. and seoiring of me vascular graft to me major unobstructed 

After the puncturing headpiece has been contracted to a * m ^ ^ 

minimal overall size and girth, the entirety of the obturator 40 "'"^ v "f 1 , xaai.h— 

120 is withdrawn by the surgeon holding the proximal end The other end of the excised vascular segment 400 is then 
of me EShe reduce! size of the puncturing head- conventionaUy attached to the obstructed blood vessel at a 
pe^l22shownpreviouslybynG.38wmpassthroughthe site distal to tl« obstrocbon itedf. The manner of jmmngtoe 
ta^ortf the deformed ciff 300 which is now seaired in ofter open of *e grafted vasadai ^segment to the 
part within the internal lumen of the artery; and also pass 45 obstructed artery or van may beachieved conventionaUy by 
SuTmlm^allumenofmeengag^ascularsegment anasmmosis with or withom sutures and wrj orwitooutuse 
400 which has been previously joined to the cuff in perma- of tissue adhesives by the surgeon. B wdl be noted and 
nent fashion. The acttf removing the obturator is quickly appreciated*^, that the surgeon > maym f^ntio^ly 
accomplished by the skilled surgeon; and the act of removal create an aperture in die wall of (he grafted vascular segment 
ser^o isolated* now dcid sidewall 306 of the cuff 50 400, introduce the obturator 120 ^omemteraal lumen of 
300 secured to the interior surface of the arterial wall 502 the vascular segment; place a second defomable cuff 300 in 
The deformed cuff 300 and the engaged vascular segment P 1 ?*^ 00 ^* 6 " 6 " 8 ^ 
400 and remain permanently secured and attached to the end of toe vascular segment in the m^er descried previ- 
Wo^ flow^Lel of the major artery in a manner which ousiy. If the surgeon so gooses therefore, die ^entirety of the 
pSts^eriTbloodtoentermroughftedeformedcuffinto 55 ^^^ mdm r^T^dS^L 
Eternal lumen of the vascular segment without mean- repeated * *e chosen site on toe obstructed Wood vessel 
ingful major alteration of the primarfartery and without Nevertheless, it is generally «pected that in most instances 
major Sction of vascular tiW aTtoeT site of graft ™S™ ^P^er *> perform conventional anastomos^ 

bypass juncture. To ensure that the placement of the « the means for joining the other open end of the blood 
Somed cuff 7nd engaged vascular segment is fluid-tight, «, vessel segment to die obstructed artery or vein. This * 
the surgeon then preferably applies a biocompatible adhe- illustrated by FIG. 41. 

sive 530 to the exterior surface of the arterial wall 502 at the The entire catheterization methodology for creating a 
puncture site. The biocompatible adhesive 530 is desirably vascular bypass graft or shunt has been shown and described 
spread over the sidewall 306 of the cuff 300 at the exterior in detail via FIGS. 33-41 inclusive. Each essential manipu- 
surface of the puncture site as is shown by FIG. 39. The 65 lation or required act has been illustrated in detail and 
biocompatible adhesive dries quickly; forms a permanent described in depth. Nevertheless, to assure a complete and 
and fluid-tight seal; and will not degrade or cause irritation comprehensive presentation of the methodology as a whole. 
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a summary recitation of the preferred surgical procedures 
using the catheter apparatus, the introducer system, and the 
methodology is provided hereinafter. 

VI Summary of the Preferred Surgical Procedures 
Using the Catheter Apparatus and Method 

The catheter apparatus and methodology comprising the 
present invention provides an approach designed to allow 
surgeons do multiple bypass using vein bypass grafts in a 
minimally invasive way. This procedure allows a simpler 
way to place die vein grafts proximally to the aorta and 
distally to the coronary artery without using a heart-lung 
machine and without need for stopping the heart Small 
incisions are first made between the ribs; a video camera and 
instruments with long handles are inserted; and, under the 
direct visualization, the aorta is punctured to create a proxi- 
mal graft to anastomosis (aortotomy) using a specially 
prepared catheter introducer system which internally carries 
a deformable cuff and a previously excised vascular seg- 
ment 

The deformable cuff is made of nitinol wire mesh (or 
other metals such as stainless steel or polymers); and is 
preferably coated with prosthetic material such as PTFR 
The cuff will become anchored by deformation inside the 
aortic wall and be secured and blood-leak-proven outside the 
aortic wall by subsequently applying a tissue adhesive. This 
deformed cuff will provide a secure sutureless aortic anas- 
tomosis for the bypass vein graft. The proximal part of the 
vein graft is preferably sewn to the cuff. The bypass graft is 
then distally anastomosed to the coronary artery, which can 
be done either by the conventional way with sutures or by 
applying tissue adhesive between the adjacent outer walls of 
the bypassable coronary artery and the bypass vein graft 
without sutures. 

This unique procedure simplifies the complexity of the 
conventional coronary artery bypass surgery and makes the 
surgery less invasive. Moreover, this technique provides a 
critical advantage over the conventional bypass surgery 
(using excised vein grafts), or the thoracoscope minimally 
invasive surgery (using an internal mammary vein graft). 
Also, it will shorten the operation time and make the 
coronary bypass surgery safer and more cost-effective. 
Thoracotomy and Aorotocoronary Bypass: 

After cutting through the muscle and other tissue of the 
anterior chest, the surgeon separates a rib from the breast 
bone and cuts apiece of the cartilage at the detached end to 
provide working space for the aortotomy and placement of 
the proximal graft anastomosis. 

The bypassing of the vascular blockage increases blood 
flow to the heart The optimal environment for the vascular 
anastomosis is a motionless, dry field. In conventional 
coronary bypass surgery, this environment can be obtained 
by total cardiopulmonary bypass and cardioplegia tech- 
niques to arrest the heart. However, in minimally invasive 
coronary bypass surgery, it is performed without cardiopul- 
monary bypass and without stopping the heart Instead, the 
heart beat is slowed down with cardiac medications such as 
calcium channel blockers, beta-blockers and hypothermia. 
Creation of the proximal anastomosis 

The ascending aorta is first palpated before creation of the 
aortotomy to determine the proper location of the aorta for 
aortotomy and delivery of the introducer system. The 
ascending aorta is preoperatively evaluated by means of CT 
scan or MRI to exclude the patient with severe atheroscle- 
rosis of the aorta, which may interfere with creation of the 
aorotomy and increase possible associated complications 
such as dissection and embolization of the plaques. When 
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the ascending aorta is shown to be moderately thick by CT 
or MRI, the deformable cuff is larger (7 to S mm outer 
diameter) than usual (5 to 6 mm outer diameter) and may be 
placed in the aorta to prevent narrowing at the proximal 

5 anastomosis. 

This technique involves safe and simple placement of the 
proximal anastomosis of the vein graft without clamping of 
the aorta and without using heart-lung machine. The proxi- 
mal part of the ascending thoracic aorta is first exposed and 

10 punctured with an obturator that carries a cuff and a previ- 
ously excised blood vessel segment within it (FIGS. 32-^34). 
The cuff is made of a nitinol wire mesh (or other metals such 
as stainless steel or polymers) and has a flared end, which 
will firmly anchor its deformed and flared proximal end 

is against the inner wall of the thoracic aorta. The cuff is 
desi rably c overed with a prosthetic material (such as Dacron 
and FTFE, etc) to prevent any leaking of blood through the 
mesh cuff. Continuous 5-0 Prolene is used for the anasto- 
mosis between the cuff and the grafts when the saphenous 

20 vein is the usual size (5 to 6 mm). 

After the aortic puncture, the proximal end of the cuff vein 
graft is deformed and released into the arterial lumen as the 
obturator is being retracted (FIGS. 35-39). The vein graft is 
slowly pulled back until the cuff is anchored against the 

25 internal wall of the aorta via its deformed flared end. Once 
the cuff and the proximal end of the vein graft is internally 
anchored, then tissue adhesive (glue) is applied around the 
exit site of the graft (between the graft and the adjacent outer 
wall of the aorta) so that any possibility of leakage of blood 

30 will be minimized and also to secure further the proximal 
anastomosis. The upper end of the vein graft is clamped to 
stop blood flow; and drugs are injected into the lower end to 
prevent it from going into spasm while the surgeon works on 
the coronary anastomosis. 

35 Exposure of the coronary arteries and creation of the distal 
anastomosis 

The sac covering the heart is cut, the thin coronary artery 
is under direct view. The patient is given calcium channel 
blockers and a beta blocker intravenously to slow the heart, 

40 which facilitate that the surgeons thread the stitches through 
the artery. The coronary artery vessels to be bypassed is 
identified and exposed after opening either hemithorax. 

with a sharp knife, the surgeons cut into the coronary 
artery (arteriotomy). The arteriotomy is then increased to 8 

45 to 12 mm with Pott's or reversed acute angle scissors. The 
internal diameter of the coronary artery is calibrated and the 
size recorded. The distal part of the graft that has been set 
aside is sewn to the coronary artery with the same fine 
sutures that are used in standard bypass operations (FIG. 

50 41). A continuous suture of 6-0 or 7-0 Prolene is begun in the 
heel of the vein graft with a narrow mattress stitch and 
continued to the proximal portion of the coronary artery. 
Approximately 1-mm bites are taken as the suture line is 
continued around one side to the distal end. At that point the 

55 suture line may be interrupted with one or more sutures. 
With smaller vessels interrupted sutures are easy to insert 
and less likely to constrict the anastomosis. With larger 
vessels (2.5 mm or greater) the suture line may be continued 
without interruption around the distal end. The other end of 

60 the original stitch is continued on the contralateral side, and 
the anastomosis is terminated at the midpoint of the arteri- 
otomy. Anastomotic patency is checked in both directions. A 
flush of clear solution through the needle may be of aid 
during the performance of the distal anastomosis to keep the 

65 anastomotic area free of blood. Alternatively, the coronary 
artery and bypass vein grafts can be anastomosed by apply- 
ing tissue adhesive (glue) between their adjacent outer walls, 
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without using sutures, which facilitates and expedites the 
coronary anastomosis when application of tissue adhesive 
make two structures bonded in a side-to-side fashion, a 
fenestration in a proper length is made between them by 
putting an incision extending from the lumen of vein graft to 
the lumen of the coronary artery with a knife inserted via the 
distal open end of the graft After this, the open distal end of 
the vein graft is sewn as a blind end. 

This procedure is repeated until all the blocked vessels to 
be revascularized are bypassed. After checking for bleeding, 
the surgeon closes the chest 

The present invention is not to be limited in scope nor 
restricted in form except by the claims appended hereto. 

What I claim is: 

1. A catheter apparatus for creating a vascular bypass 
on-demand between an unobstructed blood vessel and an 
obstructed blood vessel in-vivo using a previously excised 
vascular segment as a conduit said vascular bypass catheter 
apparatus comprising: 
a catheter suitable for introduction into and extension 
through the body in-vivo, said catheter being com- 
prised of 

(a) a hollow tube of fixed axial length having a proxi- 
mal end, a distal end, and at least one internal lumen 
of predetermined diameter, and 

(b) a distal end tip adapted for guidance of said catheter 
in-vivo to a chose site wherein an unobstructed blood 
vessel is in anatomic proximity to an obstruction 
lying within another blood vessel; 

an obturator for on-demand introduction and passage 
through said catheter to a chosen site on the unob- 
structed blood vessel in-vivo, said obturator comprising 

(1) an expandable and contractible puncturing head- 
piece for puncture of and entry into the lumen of an 
unobstructed blood vessel, said puncturing head- 
piece being expandable on-demand to a size greater 
than the diameter of said internal lumen of said 
catheter and being contractible on-demand to a size 
less than the diameter of said internal lumen of said 
catheter, 

(2) a perforating end tip on said puncturing headpiece 
to facilitate the perforation of a blood vessel wall at 
the chosen vascular site in-vivo 

(3) an elongated shaft of fixed axial length integrated 
with said puncturing headpiece, said elongated shaft 45 
being configured for the carrying and transport of the 
previously excised vascular segment with said inter- 
nal lumen of said catheter to the chosen site on the 
unobstructed blood vessel in-vivo, 

(4) means for expanding and contracting said punctur- 
ing headpiece of said obturator on-demand; and 

a deformable cuff for positioning over said elongated 
shaft adjacent to said puncturing headpiece of said 
obturator together with a previously excised vascular 
segment 

(i) wherein, prior to the perforation of the unobstructed 
blood vessel in-vivo by said puncturing headpiece of 
said obturator, at least a portion of said deformable 
cuff has been engaged and joined to one end of the 
excised vascular segment then carried by said elon- 
gated shaft of said obturator, 

(ii) and wherein, after the perforation of the unob- 
structed blood vessel in-vivo by said puncturing 
headpiece of said obturator, at least part of said 
engaged cuff is extended into the lumen of the 
unobstructed blood vessel, is partially deformed 
in-situ by an expansion of said puncturing headpiece 
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of said obturator, and said engaged cuff becomes 
attached via said partial deformation to the interior of 
the unobstructed blood vessel, 
(iii) and whereby said cuff engaged one end of the 
previously excised vascular segment become 
secured to and placed in blood flow communication 
with the unobstructed blood vessel and serves as 
vascular conduit means for bypassing an obstruction 
and restoring blood flow from the unobstructed 
blood vessel to the obstructed blood vessel. 

2. The catheter apparatus as recited in claim 1 wherein 
said deformable cuff is comprised of metal. 

3. The catheter apparatus as recited in claim 1 wherein 
said deformable cuff is comprised of a polymeric material. 

4. The catheter apparatus as recited in claim 1 wherein 
said deformable cuff is overlaid with prosthetic matter. 

5. The catheter apparatus as recited in claim 1 wherein 
said deformable cuff comprises an open rneshwork. 

6. The catheter apparatus as recited in claim 1 wherein 
said deformable cuff comprises a solid mass of material. 

7. The catheter apparatus as recited in claim 1 wherein 
said means for expanding and contracting said puncturing 
headpiece further comprises a mechanical assembly. 

8. The catheter apparatus as recited in claim 1 wherein 
said means for expanding and contracting said puncturing 
headpiece further comprises a hydraulic assembly. 

9. A catheterization method for creating a vascular bypass 
on-demand between an unobstructed blood vessel and an 
obstructed blood vessel in-vivo using a previously excised 
vascular segment as a conduit, said vascular bypass cath- 
eterization method comprising the steps of: 

providing a catheter suitable for introduction into and 
extension through the body in-vivo, said catheter being 
comprised of 

(a) a hollow tube of fixed axial length having a proxi- 
mal end, a distal end, and at least one internal lumen 
of predetermined diameter, and 

(b) a distal end tip adapted for guidance of said catheter 
in-vivo to a chosen site wherein an unobstructed 
blood vessel is in anatomic proximity to an obstruc- 
tion lying within another blood vessel; 

providing an obturator for on-demand introduction and 
passage through said catheter to a chosen unobstructed 
blood vessel in-vivo, said obturator comprising 

(1) an expandable and contractible puncturing head- 
piece for puncture of and entry into the lumen of an 
unobstructed blood vessel, said puncturing head- 
piece being expandable on-demand to a size greater 
than the diameter of said internal lumen of said 
catheter and also being contractible on-demand to a 
size less than the diameter of said internal lumen of 
said catheter, 

(2) a perforating end tip of said puncturing headpiece to 
facilitate the perforation of a blood vessel wall at the 
chosen site in-vivo 

(3) an elongated shaft of fixed axial length integrated 
with said puncturing headpiece, said elongated shaft 
being configured for the carrying and transport of a 
previously excised vascular segment with said inter- 
nal lumen of said catheter to the chosen vascular site 
on the unobstructed blood vessel, 

(4) means for expanding and contracting said punctur- 
ing headpiece of said obturator on-demand; 

placing a previously excised vascular segment on the 
elongated shaft adjacent to said puncturing headpiece 
of said obturator; 

positioning a deformable cuff over said elongated shaft 
and one end of the previously excised vascular segment 
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lying adjacent to said puncturing headpiece of said joining the other end of the secured vascular segment to 

obturator such that at least a portion of said deformable ihe obstructed blood vessel at a chosen site distal to the 

cuff engages and is joined to the end of the excised obstruction, said joined segment serving as vascular 

vascular segment; j •* r r t . . * 

* conduit for means for bypassing the obstruction and 

perforating the unobstructed blood vessel at the chosen 5 restoring blood flow from ^ unobstrocted Hood ves . 

site in-vivo usmg said puncturing headpiece of said sel to ^ obstnlcted Mood yessel 
obturator; 

extending at least part of said engaged cuff into the lumen L 10 ' . Th f catheterization method as recited in claim 9 

of the unobstructed blood vessel- wherein the vascular bypass is created between an unob- 

partially deforming said extended cuff in-situ by an 10 StnJCted may *** ™ obstnicted arte ^ 

expansion of said puncturing headpiece of said obtu- ^ c catheterization method as recited in claim 9 

rator wherein the vascular bypass is created between an unob- 

(i) whereby said engaged cuff becomes attached via structed vein and an obstructed vein, 

s^tedbf ™ 0m ** 0ILtO ftc <>f the unob- 15 12. The catheterization method as recited in claim 9 

°a u ° u ves ?^> _ , m , wherein said vascular bypass is created between an artery 

(u) and whereby said cuff engaged one end of the . . Jy w ^* u 

previously excised vascular segment become aveuL 

secured to and placed in blood flow communication 

with the unobstructed blood vessel; and ***** 


02/24/2004, EAST Version: 1.4.1 


